Although manual methods of information retrieval still predominate, the introduction and expansion of computerized retrieval systems and networks in China is bringing about a transformation in the search for information.
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Off-line Batch Processing Retrieval
Since the end of the 1970s, many library and information institutes in China introduced foreign magnetic tape document databases and provided an off-line retrieval service for their users. For example, the Beijing Document Service (BDS), which is held by the General Equipment Department of Chinese People Liberation Army, introduced Government Reports of America (GRA) (SPIN) . So far, China has introduced more than 50 different magnetic tape services from abroad. 2 
Online Information Retrieval
In 1980, due to a proposal put forward by the Documentation Department of the China Architectural Technique Development Centre, eight government ministries and one bureau jointly hired one international online retrieval terminal in Hong Kong to provide international online retrieval service for the users at home. stitute of Weapons Industry set up international online retrieval terminals one after another. By the end of 1992 there were about 130 such terminals, located in more than 50 cities, including Beijing, Shanghai, Tianjin, Chongqing, Guangzhou, Wuhan, Xian, Nanjing, Chengdu, Shenyang and Fuzhou. These terminals allow Chinese users to retrieve data from more than 20 foreign information systems, such as DIALOG, ORBIT, BRS (USA), ESA-IRS (Europe), STN (Germany) and DATA-STAR (Switzerland). These provide access to some 800 databases containing more than 200 million records and covering more than 20,000 search topics. 3 China has also set up several national or regional information retrieval systems, 4 A survey investigation of more than 200 institutional users carried out by the Beijing Document Service (BDS) in July 1996 showed that, in order to realize more effective online retrieval, all the institutes had upgraded their computer models and memory capacity.
Information Networks
The world's largest Wide Area Network (WAN), the Internet, is having a greater and greater effect on our life. An increasing number of academic institutions and database systems in China have already created their own homepages on the Internet to provide information for their users. The Beijing Document Service's study of 200 clients, carried out in July 1996, revealed that 38 percent of clients have already had Internet access; while another 38 percent of clients planned to have Internet access within a year. Thus, at least 150 of the 200 clients of BDS were expected to access the Internet in 1998. 5 In March 1996 the State Scientific and Technological Commission made a survey of the use of the Internet by scientific research institutes which showed that the volume of data transferred had more than doubled in a period of less than six months. 6 The results of these two surveys suggest that, although China has just made a first step towards utilizing the Internet to retrieve information, the future prospects for the use of this medium are bright and unlimited.
China has used networks to retrieve information since 1990. While the country is now taking active steps to participate in the Internet, in the past few years it has also built a set of national and provincial information networks to meet both professional and regional information needs. The national scientific and technological information network established by the State Scientific and Technological Commission at the end of 1994 has made much progress, and is supported by the provincial and municipal governments and local scientific and technological commissions. At the end of 1996, eighteen of these had already entered the network, and another ten had been allocated IP addresses but had not yet entered the network. The opening of the national scientific and technological network provides the guarantee of the development of scientific research and production in China.
DEVELOPMENT TRENDS OF INTELLIGENT INFORMATION RETRIEVAL IN CHINA
Changes of the Content of Information Retrieval Service in China
With the increasing requirements of information retrieval effectiveness and information consciousness, our country's service contents of intelligent information retrieval has been greatly changed, as outlined below.
First, the emphasis of information retrieval services in China has changed from catalogue and data retrieval to text retrieval. Previously, the retrieval devices used in China could only provide catalogue and data retrieval. After the user identified the subject, the retriever used the appropriate retrieval tools to search for information according to the subject or keywords specified in the retrieval prescription. These tools only identified the location of the data or information source; the user still had to look for the primary documents at these locations. He could not check beforehand whether the information would meet his needs or not, hence effectiveness of the retrieval process was decreased. Now, with the advances of technology, especially the development of computer technology, it is possible to look for the matched subject or key words and the relevant text in a primary document quickly. So text retrieval has come into existence in China and text databases have also appeared. These databases greatly increase retrieval effectiveness and save retrieval time. The close connection between text retrieval, high density storage and rapid search tools shows that the techniques in these fields have reached the practical stage.
Second, there has been a change from pure scientific information retrieval to the retrieval of both scientific and social science information. For a long time, China only paid attention to the development of the natural sciences and ignored the development of social sciences. Information retrieval systems in China thus still belong mainly to the natural sciences. This is obviously beneficial to the development of China's science and technology, but disadvantageous to the advance of the social sciences. The lack of access to social science information led to many faulty policy decisions and brought about colossal losses to the country and the people. These problems are now being paid closer and closer attention, and attitudes towards the social sciences have begun to improve greatly. In particular, at present the country is introducing the market economic system. Enterprises are changing. Since the existence of enterprises depends on the market, their leaders have started to pay close attention to all kinds of social science information, especially economic information. shows this trend. In all the 805 databases, there are 360 scientific and technological or engineering databases, accounting for 45 percent of the total; 234 cultural, educational and health databases, accounting for 29 percent; 130 economic and trade databases, accounting for 16 percent; 81 social and other databases, accounting for 10 percent. 7 From these figures, we can see that there are 445 databases in the social sciences, accounting for 55 percent of the total. This shows that more attention is being paid to information in the social sciences.
Changes in the Field of Information Retrieval Service in China
Because China has taken the natural sciences seriously for a long time, those engaged in scientific research have more information consciousness than average persons. Since retrieval devices and primary documents in science and technology are comparatively abundant, intelligent information retrieval services in China have long been focused on one single field -science and technology. Their clients are mainly researchers in science and technology. With the development of society and the establishment of the market economic system, more and more people who are not scientific and technological researchers have begun to pay attention to information and to require information. The clients of information retrieval services have changed from scientific and technological professionals to businessmen and the masses. In particular, with the opening of the Internet in China, more and more people have the opportunity to get in touch with information and to search for information according to their needs. At the same time, analyses and forecasts can be made on the basis of information in order to provide scientific policy decisions for enterprises and institutions. The background is supported by powerful techniques. Only in this way can we make more and more people recognize the importance of information, thus increasing their information consciousness and paying more attention to information retrieval. As a result, the domain of information retrieval services can further expand.
Changes in the Management Style of Information Retrieval in China
Since China had been following a planned economic system for a long time, information services of all kinds were mainly concentrated in information institutes and libraries. The funds of institutions of this kind came mainly from the government. The Wanfang Data Company made a general survey of the state of funds and personnel of all scientific and technological institutions in China. The results of this investigation are shown in Table 2 . 8 This shows that the total funds of all scientific and technological institutions in China amount to CNY 287.03 million, but for each person it is only CNY 9,586 to CNY 15,101. [CNY = Yuan Renminbi]. After deducting the wages of the staff, the funds spent on information work, let alone information retrieval, are very limited. Chiefly due to the shortage of funds, the kinds and numbers of periodicals subscribed to, especially foreign ones, have decreased sharply. This trend is not beneficial to the development of information retrieval. Consequently, information retrieval institutions have begun to move away from reliance on financial aid given by the state and have started to develop as commercial enterprises. Particularly with the development of computer networks, information organizations not only provide information retrieval services from their own resources, but also invite their clients to access the network through them to extend their search to network resources. As a result, it is now more convenient for users to retrieve information, and since the management style of information retrieval has been changed, information retrieval itself is full of energy as well.
TRANSFORMATION OF INFORMATION RETRIEVAL MODES IN CHINA
Depending on the longitudinal mode (which means that each of the academic fields was independent and was held by its relative Ministry or State Commission) which was formed for a long time and owing to the backwardness of the means of information retrieval used in China, information work had for a long time been based mainly on manual retrieval methods. (In China, there was formerly a system named 'longitudinal mode', which was the result of planned economy. Under this system, the ministries were divided by fields in central government, accordingly, in regional government, the dividing rule for departments was the same as that in central government. So, the central ministry controlled the field from the centre to the regions. In this way, the regional departments only needed to finish the tasks arranged by the ministry, but they did not need to face the market and they did not need contact with other departments. Now the system is changing and the 'crosswise' open mode of information retrieval, by which cross connections are established among academic fields, is coming into being little by little).
With the establishment of the market economic system in China and the transformation of the management of information services into the entrepreneurial mode, all information institutes have begun to carry out market research in order to maintain their own position in the face of fierce market competition and to have as big a share in the market as they can. They have also begun to carry out research into information users' needs and psychology and to serve the users in every possible way. Owing to the rapid development of computer network techniques, all kinds of Local Area Networks (LANs) and Wide Area Networks (WANs) have been built, so that users can obtain information from networks over the world. On such network platforms, where information resources can be fully shared, making information searches may meet the user's needs for information retrieval to the greatest extent and so promote the development of intelligent information work.
With the development of retrieval techniques and increasing information consciousness among users, the numbers of information requests have increased. Our country's information retrieval capability has thus changed greatly in terms of service contents, subject fields, management methods and retrieval modes.
PROSPECTS FOR THE DEVELOPMENT OF INFORMATION RETRIEVAL IN CHINA
Since information plays a tremendous role in scientific research and production, people increasingly depend on accurate and timely information and the position of information in industry and in the life of every family will be more important than ever before. On the other hand, the volume of available information of all kinds is increasing exponentially; facing numerous and varied information sources like this, users will find it more difficult than ever before to obtain the information they need. Information specialists thus have to develop new skills to be able to quickly and accurately retrieve information from a large number of information sources. We can't give up eating for fear of choking. On the contrary, we should take vigorous action to deal with this subject. In our times, an effective method of dealing with this problem is to develop information retrieval by using computers, particularly in networks.
INFORMATION RETRIEVAL NETWORKS MEET THE NEEDS OF THE TIMES
Nowadays, the developed countries in the world are in a period of transition from the industrial society to the information society or the post-industrial society. In the information society, information has already been one of the important resources and essential factors in productive, scientific and technological research and in our daily life. Because of the rapid development of modern science and technology, economic activities have become more important than before, leading to an explosive increase in the amount of science and technology literature and economic information. According to statistics reported by American newspapers, the number of science and technology journals in the world doubled between 1965 and 1981 (from 28,000 titles to 65,000 titles). In addition, subject fields are constantly branching out into new subfields, the frontiers of science are expanding and the phenomena of intersection and infiltration among subjects have intensified. This makes the literature more scattered and collecting and searching for information more difficult. If we search for information in this tremendous amount of literature in traditional ways, we will put in a lot of hard work just as if we are looking for a needle in a haystack. At the same time, because modern scientific and technological information and economic and marketing information are changing so fast, the life cycle of the literature becomes shorter. Western countries' research shows that the life cycle of 80-90 percent of the scientific and technological literature is only 3-5 years, while the life cycle of economic information is even shorter. Generally the life cycle of most economic information is between one and four weeks, while some has a life cycle of only 90 seconds. The demand for ever greater speeds of retrieval is strict and harsh. Under the circumstances of the contradiction between the demand of information and obtaining information, the loss for the badly-informed in USA, whose information technology and infrastructure is at the forefront in the world, is on the average of 25 billion US dollars per year. 9 The stern reality forces departments of information service to use modern equipment and try every means which work mainly by computer.
Such is the development of the world. Although China still has a long way to go to compare with the developed countries, this does not mean that information retrieval in China can go ahead slowly; on the contrary, we should develop it much more rapidly to keep in line with the world. This is the demand of our times.
POSSIBILITIES OF INFORMATION RETRIEVAL VIA NETWORKS IN CHINA
Searching for information through computer networks requires highly networked infrastructure and advanced network services compared with traditional manual retrieval. Only if these conditions are satisfied can retrieval via networks be developed and reach the stage of practical implementation rapidly. China now possesses these conditions up to a point, and is devoting every effort to developing information retrieval through networks.
Network Infrastructure
Building the network infrastructure, that is, meeting the necessary hardware conditions, is the foundation for realising information retrieval through networks. How the network is built will directly affect its use in the future. China therefore pays great attention to building its network infrastructure. Each province and city and each departmental committee is building its own local area network (LAN), one after another.
The Chinese Education Research Network (CERNET) is one network which has now taken shape and has become one of the most important elements of the education and research infrastructure for most of the universities in China. CERNET, granted by the State Planning Commission, is funded, built and managed by the State Educational Commission. CERNET is a national education and research computer network which began to be built in 1994, and which has become one of four computer networks recognized by the Chinese government (the others are ChinaNET; the China Science and Technology Network, CSTNET; and the China Golden Bridge Network, ChinaGBN). CERNET has a three-level structure including a national backbone, a regional network and a campus network. Its structure includes a national network centre, 8 regional network sub-centres, a backbone network connecting with 8 regional networks, a few area webs, network management systems whose functions are all ready, rich in network application resources and having devices to visit the resources.
The network centre of CERNET is located in Tsinghua University, and the regional network centres are in famous universities in Beijing, Shanghai, Nanjing, Xi'an, Guangzhou, Wuhan, Chengdu and Shenyang. The scope of CERNET is nationwide. CERNET connects with the international computer network, and it adopts the TCP/IP network system structure used by the Internet. It makes full use of public communication and transmission facilities which have been built in China, and hires Digital Data Network (DDN) to build up its backbone network. In the meantime, its transmission speed will increase step by step according to its actual use. When it cannot get DDN channels, it will use other communication technology. Through the network centre, CERNET will connect with the Internet. The main departments of the network centre include the Network Operation Centre (NOC), the Network Information Centre (NIC), the High Performance Computing Centre (HPCCH) and the Education Training Centre. The function of the regional network centres of CERNET is to be responsible for network construction in their own regions. The regional network web is the centre of the university networks in each region, in charge of connecting with CERNET. At the same time, it provides technological aid and services. It is the subcentre for network management, application and service.
The second stage of building CERNET is now beginning. Its goals are to upgrade step by step to connect with the national backbone network and the international network (the speed of the backbone network will reach more than 2Mbps, while the speed of the international network will reach 6Mbps) and to set up eight regional backbones connecting with provincial capitals, 400-500 universities and research institutes, and many high and primary schools which have the conditions for entering the network.
10
In addition, some provinces and cities are speeding up the construction of their own network infrastructures. At present, Shenzhen regards information construction as the key and turning point for development. It has taken powerful measures to speed up its information network construction according to a plan of starting in one year, achieving initial success in three years, establishing the information framework in five years, and realising informatization of the whole in fifteen years.
The city of Shenzhen has already reformed the information mechanism and realized the connections between networks and databases. On one hand, it has set up large databases suitable for the market economy and the demands of government and society; on the other, it uses the protocol and technology used by Internet to develop the information resources of Shenzhen and build a computer platform for unified value-added network service. At the same time, it has set up a distributed database management system of which the catalogue database is the heart, to dispatch, manage and use information resources effectively and rationally, and to share information resources. Now, the whole city owns more than 200 large databases, among which fifty are open to society in general, while more than fifty have been included in the National Databases Encyclopaedia. Shenzhen now owns over eighty electronic information networks. Among them, there are more than twenty that can provide value-added network services. In addition, its local telephone network has digital programming control and a 2.5Gbps Synchronous Digital Hierarchy (SDH) light transmission system has been introduced, as a packet switching network and a digital data network (DDN). These can interconnect with the National Packet Switching Network, DDN and the Hong Kong Data Communication Network through the backbone node. The mobile communication network covers the whole city, and supports automatic navigation in Shenzhen, Hong Kong and some international cities. There are now more than 300,000 mobile telephones in use. A 300-kilometre optical fibre cable and an 8,000-kilometre fibre core have been laid down. The Gold Bridge satellite network has been established and a two-way wireless data system is in preparation.
In the ninth five year (1996) (1997) (1998) (1999) (2000) plan, the goals of network development and construction in Shenzhen are as follows:
• Providing sixty information communication terminals per 100 persons, ten of which will be multimedia terminals. • The city government will introduce general office automation.
• Foreign trade transactions will be facilitated through the automation of Customs formalities, export rebates, quota licenses, foreign exchange settlements, etc.
• Automatic management of public security, medical and health work and employment insurance for the permanent floating population will be introduced.
The goals to be attained by 2010 are as follows:
• Providing ninety information communication terminals per 100 persons, of which thirty will be multimedia terminals.
Government information systems will be made so perfect in forecasting, analysing and imitating optimisation that the government's devices to adjust and control the economy will reach advanced world standards. The construction of the public social information network will be finished.
The use of optical fibre communication in buildings and houses will be increased, and families will have access to multimedia information terminals.
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Network Services
After the network has been built, it is important to assess whether the effect of using it to search for information is as good as expected, or not. One of the most important factors is the provision of network services, that is, service departments at all levels that can provide advanced and suitable service. In China, network service providers together with users are now conscious of this problem, and each service provider is trying hard to provide network service. Now, in Beijing, some organizations own international exits to Internet. These are the Beijing Telegraph Bureau of Ministry of Posts and Telecommunications (ChinaNET), the China Education and Research Network (CERNET), the Computer Network Information Centre of the Chinese Academy of Sciences, the Institute of High Energy Physics of the Chinese Academy of Sciences and the Beijing University of Chemical Technology. These five organizations face different objectives, each having its own characteristics. ChinaNET is the largest business Internet in China, and its network centre is located in the Beijing Telegraph Bureau. ChinaNET, the backbone network of the Chinese Internet, is managed by the Ministry of Information Industry, and now has thirty-one main nodes throughout China. The speed of the international exit in Beijing is 2Mbps, as is that in Shanghai. The network centre of CERNET is in Tsinghua University, and its speed will reach 2Mbps in the near future. The users of CERNET are scientific and technological staff, teachers and students of universities and colleges in China. The speed of the international exit of the Computer Network Information Centre of Chinese Academy of Sciences is 128Kbps, whose network mainly provides service for scientific and technological staff of the Academy. The speed of both the Institute of High Energy Physics of the Chinese Academy of Sciences and the Beijing University of Chemical Technology is 64Kbps. The main use of the two is to provide services for research and education to the Institute of High Energy Physics of the Chinese Academy of Sciences and the Ministry of Chemical Technology. Recently, the Jitong network has been managed by the former Ministry of Electronics Industry; its speed is 256Kbps, serving businessmen. 12 As the Internet has developed in other countries, besides the five organizations which own international exits, more Internet Service Provider (ISP) enterprises have been established to provide Internet service. They have built their own network centres, leased an exit to the international business network and provided Internet service for the public. ISPs in Beijing include the Eastern Web View Co., the Guolian Scientific and Technical Company, the China Network Co., the Century Talent Network Co., the Hongjiuzhou Computer Network Co. and the Hongji Xingye Network Co. In Tianjin, the main ISPs are the Tianjin Branch of the China Telecom Corp., the Tianjin Branch of the China Unicom Corp., the Xiandao Network Co., the Zhenglian Network Co. and the Tianjin Institute of Science and Technology Information (TISTI).
The services provided by these companies have their own characteristics. The Eastern Web View Co. cooperates with the Beijing Telegraph Bureau, and the speed they provide for users is 28.8Kbps. They give lectures on the Internet free of charge, having a 24 hour professional service hotline. They actively promote their services. The Guolian Scientific and Technical Company (Beijing), one of the oldest ISPs, provides Easycard to attract users. The China Network Co., based on its advanced technology, develops system integration. Although the service position of each ISP is not the same, all of them are trying their best to provide better service than before and improve their image to win the users' trust.
POLICIES OF DEVELOPING INFORMATION RETRIEVAL IN CHINA
Information retrieval in China is now being transformed from manual retrieval to computer search, but manual methods still take the lead in searching for information. However, network information retrieval is the direction and goal of information searching in China. In order to achieve this goal, we should try our best to do the following, as far as the situation permits:
• Strengthen the construction of networks according to international standards and protocols, especially LANs in industries and cities, to share information resources locally. At the same time, these networks should connect with ISPs to share information resources from around the world.
• Develop the database industry, increase investment, adjust the investment structure, control the distribution of specialities, speed up the process of the commercialization of database products, strictly unify database standards and norms, and connect the databases with networks to share information resources.
• Speed up the construction of the data communication capacity of telecommunication departments and develop more convenient and suitable devices of data communication. This is the foundation for the development of network information retrieval.
• Instruct information users so as to raise information consciousness, stimulate and guide people to consume information, develop users' training and education. At the same time, universities, colleges and middle schools should give courses or series of lectures on information retrieval to train potential users.
• Enhance the quality of service providers working in information service organizations. These people are required to know not only professional knowledge, but also the knowledge and techniques of retrieval, as well as foreign languages. At present, the service people of information organizations in China cannot meet these requirements, and this is an obstacle to the development of modern retrieval. The educational system, especially in higher education, should therefore be reformed so as to adapt students to the needs of our times.
• Make better use of the experience of other countries for reference and foster the development of good retrieval sys-
